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ABSTRACT 
The mechanical proper t ies  of aluminum a l l o y  2219-T87 sheet  and p l a t e  
of var ious thicknesses  were determined over the  temperature range from 
ambient through -253OC (-423OF). The u l t imate  t e n s i l e  and y i e l d  s t r eng ths  
i n  the  longi tudina l  and transverse d i r e c t i o n  increased a s  the temperature 
decreased. The ul t imate  t e n s i l e  s t rength  ranged from 66.4 t o  69.4 k s i  a t  
ambient temperature and 95.8 t o  107.3 k s i  a t  -253OC (-423OF). The y i e ld  
s t r eng th  a t  ambient temperature was between 54.1 and 57.1 k s i ;  however, a t  
-253OC ( - 4 2 3 9 ) ,  it ranged between 68.8 and 79.5 k s i .  
The e longat ion ,  i n  genera l ,  increased a s  the temperature decreased. 
Elongation i n  the longi tudinal  and t ransverse  d i r ec t ions  f o r  a l l  the  th ick-  
nesses  inves t iga ted  averaged 9.0 percent a t  ambient temperature and 11 
percent a t  -253OC ( -4239) .  
The t e n s i l e  s t rength  i n  the sho r t  t ransverse  d i r ec t ion  f o r  the two- 
inch t h i c k  p l a t e  was 64.0 k s i  a t  ambient temperature and 78.9 k s i  a t  
-253OC ( - 4 2 3 9 ) .  The elongat ion was 4.6 percent a t  ambient temperature 
and decreased t o  1 .3  percent a t  -253OC (-423OF). 
The t e n s i l e  s t rength  i n  the  shor t  t ransverse d i r ec t ion  of the f ive -  
Elongation was 0.6,  0.2,  and 1 .6  percent i n  two inches 
inch  t h i c k  p l a t e  was 54.6 k s i  a t  ambient temperature and 65.1 k s i  a t  
-253OC ( -4239) .  
f o r  ambient temperature,  -196OC (-320oF), and -253OC ( - 4 2 3 9 ) ,  
re  spec t ive  l y  . 
Previous evaluat ions of aluminum a l l o y  2219 by t h i s  d iv i s ion  a re  
r e f  e rence d . 
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TECHNICAL MEHORANDUM X-53332 
LOW TEMPERATURE MECHANICAL PROPERTIES OF 
ALUMINUM ALLOY 2219-T87, 0.040-INCH THICK SHEET 
THROUGH 5 .OOO-INCH THICK PLATE 
SUMMARY 
The mechanical proper t ies  of aluminum a l l o y  2219-T87 sheet  and 
p l a t e  (0.040, 0.090, 0.250, 0.375, 0.500, 1.000, 1.500, 2.000, and 5.000 
inches thick)  were determined over the temperature range from ambient 
through -253OC ( -4239)  f o r  the longi tudinal  and t ransverse d i r e c t i o n s .  
The determinations of proper t ies  i n  the shor t  t ransverse  d i r e c t i o n  w e r e  
l imi ted  t o  the  two- and f ive- inch th ick  p l a t e s .  
The t e n s i l e  s t r eng ths  f o r  a l l  thicknesses  i n  the  longi tudina l  and 
t ransverse  d i r ec t ions  ranged from 66.4 t o  69.4 k s i  a t  ambient temperature 
and from 95.8 t o  107.3 k s i  a t  -253OC (-423%). The y i e ld  s t rength  values  
determined were wi th in  the ranges of 54.1 t o  57.1 k s i  a t  ambient tempera- 
t u re  and 68.8 t o  79.5 k s i  a t  -253OC ( -4239) .  The elongat ion var ied  
between 5.8 and 11 percent a t  ambient temperature and 6.4 and 16 percent 
a t  -253OC (-423%). 
0.83 t o  1.04 a t  ambient temperatureand from 0.68 t o  0.88 a t  -253OC (-423%). 
The s t r e s s  concentrat ion f a c t o r  ( K t = l O )  was maintained f o r  a l l  notched 
t e n s i l e  tests. 
The notched-to-unnotched t e n s i l e  r a t i o  var ied  from 
The shor t  t ransverse t e n s i l e  s t r eng th  of the two-inch th i ck  p l a t e  
was 64 k s i  a t  ambient temperature and 78.9 k s i  a t  -253OC (-423OF). 
y i e l d  s t r eng th  values  were 54.3 and 7 7 . 1  k s i ,  respec t ive ly .  
The 
The shor t  t ransverse t e n s i l e  s t r eng th  of the f ive- inch th i ck  p l a t e  
was 54.6 , 66.6, and 65.1 k s i  f o r  ambient temperature,  -196OC (-320*), 
and -253OC ( - 4 2 3 9 ) ,  respect ively.  The y i e l d  s t rengths  determined a t  
ambient temperature and -196OC (-3209)  were 54.4 and 65.0 k s i ,  respec- 
t i v e l y .  However, the specimens tes ted a t  -253OC (-4239)  f a i l e d  before 
reaching the y i e ld  s t rength  a t  0.2 percent o f f s e t .  
INTRODUCTION 
Aluminum a l l o y  2219 was developed o r i g i n a l l y  by Aluminum Company of 
America f o r  a i r c r a f t  forgings used i n  highly s t r e s sed  areas  between 26OoC 
(500OF) and 316OC (6019)  ( r e f .  1). Subsequently, the a l l o y ,  containing 
approximately s ix  percent copper a s  the major a l loy ing  element, has been 
f a b r i c a t e d  i n t o  shee t  and p l a t e  thicknesses and used f o r  space vehicle  tank 
sk ins  and s t r u c t u r a l  components. The chemical composition of 2219 i s  shown 
i n  Table I. 
The S-IC s tage  of the Saturn V vehicle  uses aluminum a l l o y  2219 tank 
sk ins  fabr icated from approximately 2-1/4-inch t h i c k  p l a t e  i n  the -T37 
candi t ion.  The p l a t e  i s  machined t o  approximately 1/4- t o  1/3-inch t h i c k  
sk ins  wi th  i n t e g r a l  s t i f f e n e r s ,  formed, and heat  t r e a t e d  t o  the -T87 con- 
d i t i o n .  The bulkhead gore segments a r e  purchased i n  1/2- and 3/4-inch 
t h i c k  p l a t e ,  heat  t r e a t e d  t o  the -T87 condi t ion,  bulge formed, and p r e -  
sculptured t o  f i n a l  s p e c i f i c a t i o n s .  
This evaluation presents  the low temperature mechanical p rope r t i e s  
of aluminum a l l o y  2219-T87 sheet  and p l a t e  i n  thicknesses  a s  g r e a t  a s  
f i v e  inches.  Also presented i s  the v a r i a t i o n  i n  p rope r t i e s  through the  
thickness  of the f ive- inch t h i c k  p l a t e .  
The mechanical p rope r t i e s  were determined i n  the longi tudinal  and 
tra-nsverse d i r ec t ions  f o r  a l l  thicknesses ,  and, i n  a d d i t i o n ,  the  sho r t  
t ransverse d i r e c t i o n  p rope r t i e s  were determined f o r  the  two- and f i v e -  
inch t h i c k  ma te  r i a  1s. 
References 2 ,  3 ,  4 ,  5 ,  6 ,  7,  8 ,  9 ,  and 10 i d e n t i f y  previous evalua- 
t i o n s  of aluminum a l l o y  2219 by t h i s  d iv i s ion .  
EQUIPMENT AND SPECIMEN PREPARATION 
A descr ipt ion of the equipment used i n  t h i s  i n v e s t i g a t i o n  can be 
found i n  references 11 and 12. Smooth and notched t e n s i l e  specimen con- 
f i g u r a t i o n  from 0.040- through 0.375-inch t h i c k  ma te r i a l  i s  shown i n  
reference 11. Smooth t e n s i l e  specimens from the  1.000-, 1.500-, and 2.000- 
inch t h i c k  p la te  were desigiled t o  f a i l  w i t h i n  the  capac i ty  of t he  t e s t i n g  
machine i n  the Liquid Hydrogen Mater ia ls  Test ing F a c i l i t y .  Specimen geom- 
e t r y  was not  changed f o r  the higher  temperatures. 
The gage width f o r  the t e n s i l e  Specimens f a b r i c a t e d  from 0.500- 
through 5.000-inch t h i c k  p l a t e  was 0.125-inch i n  a two-inch gage length 
wi th  a thickness e'qual. t o  t h a t  of the p l a t e .  The specimens f o r  l o w  t e m -  
perature evaluat ion of the f ive- inch t h i c k  p l a t e  were machined from f i v e  
equal  segments through the  p l a t e  t h i ckness ,  a s  shown i n  FIG 1. The 1.500- 
and 2.000-inch t h i c k  p l a t e s  were f ab r i ca t ed  i n t o  two segments, each approx- 
imately one-half the o r ig ina l .  p l a t e  thickness .  The notched t e n s i l e  speci-  
mens were fabricated from these segments. 
2 
RESULTS AND DISCUSSION 
The ambient and l o w  temperature mechanical p rope r t i e s  of a l l  th ick-  
nesses of the  ma te r i a l  t e s t ed  are given i n  Tables I1 through X. The 
ambient temperature p rope r t i e s  obtain d from specimens represent ing the 
f u l l  thickness  of the f ive- inch th ick  p l a t e  and the  ambient and l o w  tem- 
pera ture  p rope r t i e s  obtained using specimens removed from various loca- 
t i ons  through the thickness  of the five-inch t h i c k  p l a t e  are  given i n  
Tables X I  and X I I .  The range of mechanical p rope r t i e s  ( longi tudina l  and 
t ransverse) ,  which were obtained a t  var ious t es t  temperatures f o r  a l l  
thicknesses  t e s t e d ,  i s  i l l u s t r a t e d  i n  FIG 2. As shown i n  FIG 2 ,  the  
minimum ul t imate  t e n s i l e  s t rength  was 66 ,4 k s i  a t  ambient temperature, 
83.4 k s i  a t  -196OC ( - 3 2 0 9 ) ,  and 95.8 k s i  a t  -253OC (-423°F). 
mum y i e l d  s t rengths  a t  ambient temperature, -196OC (-320?'), and -253W 
(-423%) were 54.1, 64.9, and 69 k s i ,  respec t ive ly .  
'1 
The mini- 
Figure 3 shows the  mechanical proper t ies  (ul t imate  t e n s i l e  and y i e l d  
s t rengths)  i n  the  longi tudina l  d i r ec t ion  of a l l  thicknesses  tes ted .  The 
minimum ul t imate  t e n s i l e  s t rength  values obtained w e r e  66.4 k s i  a t  ambient 
temperature,  83.5 k s i  a t  -196OC ( -3209) ,  and 96.5 k s i  a t  -253OC ( -4239) .  
These minimum values  were obtained from the 0.375-inch th i ck  p l a t e .  
minimum y i e l d  s t r eng th  values  were 54.6 k s i  (obtained from the  0.040-inch 
t h i c k  sheet)  a t  ambient temperature, 65.9 k s i  (obtained from the 0.375-inch 
t h i c k  p la te )  a t  -196OC (-320?F), and 68.2 k s i  (obtained from the 0.500-inch 
t h i c k  p l a t e )  a t  -253OC ( -4239) .  
The 
The mechanical p rope r t i e s  (ult imate tensile and y i e ld  s t rengths)  i n  
the t ransverse  d i r e c t i o n  f o r  a l l  thicknesses t e s t e d  a re  shown i n  FIG 4. 
The minimum ul t imate  t e n s i l e  s t rengths  measured w e r e  67.3 k s i  (obtained 
from both the  0.375-inch th i ck  sheet and the 1.500-inch th i ck  p l a t e )  a t  
ambient temperature,  83.4 k s i  (obtained from the  0.040-inch t h i c k  sheet)  
a t  -196OC ( - 3 2 0 q ) ,  and 97.2 k s i  (obtained from the 1.500-inch t h i c k  
p l a t e )  a t  -253OC (-4239) .  
a t u r e  and -196OC (-3209)  were 54.1 k s i  and 64.9 k s i ,  respec t ive ly  (which 
were obtained from the  0.040-inch th ick  s h e e t ) ,  and 69.7 k s i  (obtained from 
the  1.500-inch t h i c k  p l a t e )  a t  -253OC (-423%). 
The minimum y ie ld  s t r eng ths  a t  ambient t e m D e r -  
The percent e longat ion f o r  the var ious  ma te r i a l  thicknesses  i s  shown 
Figures  
i n  FIG 5. A wide v a r i a t i o n  i n  percent e longat ion i s  ev ident ,  p a r t i c u l a r l y  
i n  thicknesses  below 1.500 inches and a t  cryogenic temperatures, 
6 and 7 show the notched t e n s i l e  s t rengths  and notched-to-unnotched ten-  
s i l e  r a t i o s ,  r e spec t ive ly ,  f o r  the range of ma te r i a l  thickness  t e s t ed .  
I n  t h e  longi tudina l  d i r e c t i o n ,  both the  notched t e n s i l e  s t r eng th  and the  
notched-to-unnotched t e n s i l e  r a t i o  a re  f a i r l y  uniform, the th ikker  ma te r i a l s  
having s l i g h t l y  higher  values  than the th innes t  mater ia l  t e s t ed  a t  each tes t  
temperature. There i s  more sca t t e r ing  of da t a  f o r  the t ransverse d i r e c t i o n  
and more of the downward t rend f o r  thicknesses  g r e a t e r  than 1.500 inches.  
3 
. 
The shor t  t ransverse mechanical p rope r t i e s  were determined f o r  t he  
two- and five-inch t h i c k  p l a t e  ma te r i a l  and a r e  shown i n  FIG 8 and 9. As 
i l l u s t r a t e d  i n  FIG 8,  the ul t imate  t e n s i l e  and y i e ld  s t r eng ths  of the  two- 
inch t h i c k  p l a t e  increase with a decrease i n  temperature and a r e  s l i g h t l y  
lmer than the p rope r t i e s  of t h i s  thickness  i n  the  o the r  two d i r e c t i o n s .  
The elongat ion decreased from 4.3 percent a t  ambient temperature t o  1.3 
percent a t  - 2 5 3 O C  (-423%). The notched t e n s i l e  p rope r t i e s  of the  two- 
inch t h i c k  p la te  i n  the  s h o r t  t ransverse d i r e c t i o n  were not  determined. 
The s h o r t  transverse p rope r t i e s  of the f ive- inch t h i c k  p l a t e  (FIG 9) were 
s i g n i f i c a n t l y  lmer than the  p rope r t i e s  i n  the long i tud ina l  and t ransverse 
d i r e c t i o n s  f o r  t h i s  thickness .  The ul t imate  t e n s i l e  s t r eng th  was 54.6 k s i  
a t  ambient temperature, 66.6 k s i  a t  -196OC (-320%') , and 65.0 k s i  a t  -253OC 
( - 4 2 3 9 ) .  
u l t ima te  t e n s i l e  s t r eng th  a t  -196OC ( - 3 2 0 9 ) .  
-253OC (-423%') f a i l e d  before reaching the  0.2 percent o f f s e t  y i e l d  poin t .  
The elongation was less than 1 .0  percent a t  ambient temperature and -196OC 
(-32OOF) and increased t o  1 .6  percent a t  -253% (-423%'). 
The ambient temperature y i e l d  s t r eng th  was 99.6 percent of the  
The specimens t e s t e d  a t  
The nechanical p rope r t i e s  ( long i tud ina l  and t ransverse)  of the f i v e -  
inch t h i c k  p l a t e ,  determined by t e s t i n g  specimens removed from various 
loca t ions  through the p l a t e  thickness ,  a r e  shown i n  FIG 10. As expected, 
the s t r eng th  i s  luwest i n  the  c e n t e r  of t he  p l a t e  thickness  (segment 3 i n  
FIG 10) and highest  a t  the su r faces  (segments 1 and 5 ) .  The elongat ion 
values a l s o  were lowest i n  the  cen te r  of the  thickness  and highest  a t  the 
surfaces .  These values  a r e  no t  i l l u s t r a t e d  i n  FIG 10 but a r e  shown i n  
Tables X I  and X I I .  The average s t r e n g t h  values  of the  f i v e  segments through 
the  p l a t e  thickness a r e  approximately equal  t o  the values  obtained from 
specimens representing the f u l l  p l a t e  thickness  (FIG 1). This comparison 
i s  made f o r  ambient temperature p rope r t i e s  only s ince  f u l l  thickness  speci-  
mens w e r e  not t e s t e d  a t  cryogenic temperhtures. 
The notched-to-unnotched t e n s i l e  s t r eng th  r a t i o s  a t  the var ious 
loca t ions  through the  thickness  of the  f ive- inch t h i c k  p l a t e  a r e  shown i n  
FIG 11. As i l l u s t r a t e d ,  these values decreased wi th  a decrease i n  t e s t  
temperatures. These values  a r e  a l s o  d i f f e r e n t  wi th  r e spec t  t o  d i r e c t i o n  
of r o l l i n g .  I n  the t ransverse d i r e c t i o n ,  a higher  notched-to-unnotched 
t e n s i l e  r a t i o  was obtained a t  t he  c e n t e r  of the  p l a t e  (segment 3) than a t  
the intermediate segments 2 and 4 and, i n  some cases ,  higher  than the  sur-  
f ace  segments. 
CONCLUSIONS 
The lcw temperature mechanical p rope r t i e s  of 2219-T87 shee t  and p l a t e  
were found ta be good over the temperature range of 27OC (819) t o  -253OC 
(-4230F). The mechanical p rope r t i e s  i n  the  t r ansve r se  d i r e c t i o n  were 
I 4 
approximately the  same a s  those i n  the long i tud ina l  d i r e c t i o n  over the 
tes t  temperature range. The t e n s i l e  and y i e l d  s t r eng ths  f o r  the  th i ck -  
nesses inves t iga t ed  increased considerably a s  the temperature decreased. 
S l i g h t  v a r i a t i o n s  i n  t e n s i l e  and y i e ld  s t r eng ths ,  a s  the thickness  i n -  
creased,  were noted. The ult imate t e n s i l e  s t r eng ths  of t he  s h e e t s  and 
p l a t e s  evaluated va r i ed  wi th in  10 percent a t  a l l  tes t  temperatures. 
m a x i m u m  v a r i a t i o n  i n  the  y i e ld  s t rengths  was approximately 12 percent.  
The elongat ion ranged between 4 .8  and 16 percent.  Toughness, indicated 
by notched-to-unnotched t e n s i l e  s t rength r a t i o ,  was s l i g h t l y  higher  i n  
the long i tud ina l  d i r e c t i o n  than i n  the t ransverse d i r ec t ion .  However, 
the values  obtained ind ica t e  t h a t  the ma te r i a l  i s  s u i t a b l e  f o r  appl ica-  
t i o n s  a t  temperatures from 27OC ( 8 1 9 )  t o  -253OC ( -4239) .  
The 
The s h o r t  t ransverse d i r ec t ion  t e n s i l e  and y i e l d  s t r eng ths  of the  
two-inch t h i c k  p l a t e  increased with a decrease i n  temperature. It was 
observed, however, t h a t  the  t e n s i l e  s t r eng th  a t  -253OC (-4239)  increased 
only 23 percent over the  ambient temperature value,  64.0 k s i ,  which was 
s i g n i f i c a n t l y  less than the values obtained from the o the r  d i r e c t i o n s .  
Elongation i n  the s h o r t  transverse d i r e c t i o n  a l s o  was s i g n i f i c a n t l y  less 
than i n  o the r  d i r e c t i o n s .  
The maximum t e n s i l e  s t r eng th  of 66.6 k s i  was obtained a t  -196OC 
(-320%) f o r  t he  sho r t  t ransverse d i r e c t i o n  of the  f ive- inch t h i c k  p l a t e .  
Maximum elongat ion of 1.6 percent was obtained a t  -253OC ( - 4 2 3 9 ) .  
e v e r ,  f a i l u r e  t o  reach the y i e ld  s t r eng th  a t  0.2 percent o f f s e t  a t  -253OC 
(-4239)  shows even less d u c t i l i t y  than is i nd ica t ed  by the  percent 
e longa t ion.  
How- 
It i s  concluded t h a t  the two- and f ive- inch t h i c k  p l a t e s  a r e  s u i t a b l e  
f o r  low temperature app l i ca t ions .  Hawever, caut ion should be used when 
dynamic t e n s i l e  loads a re  introduced i n  the  s h o r t  t ransverse d i r e c t i o n  
of the f ive- inch t h i c k  p l a t e  t o  prevent premature f a i l u r e s  due t o  l o w  
d u c t i l i t y  and low t e n s i l e  s t rengths  a t  temperatures ranging from 27OC 
(81%') t o  -253OC (-423%'). 
5 
T A B U  I .  - COMPOSITION OF ALUMINUM ALLOY 2219-T87 
Copper 
Iron 
Magne s ium 
Manganese 








6 . 8  
0 .30  
0 .02  
0.40 
0 . 2 0  
0 . 1 0  
0 . 1 5  
0 . 1 0  
0 . 2 5  
0 . 1 5  
Bal.  
Minimum 
5 . 8  
0 . 2 0  
0 .02  
0 .05  
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FIGURE 2 .  LOW TEMPERATURE TENSILE PROPERTIES OF ALUMINUM 
ALLOY 2219-T87 
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FIGURE 3 .  LOW TEMPERATURE TENSILE PROPERTIES OF ALUMINUM 
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FIGURE 4 .  LOW TEMPERATURE TENSILE PROPERTIES OF ALUMINUM 
ALLOY 2219-T87, TRANSVERSE DIRECTION 
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F I G U R E  8. LOW TEMPERATURE MECHANICAL P R O P E R T I E S  OF ALUMINUM 
ALLOY 2219-T87, 2 . 0 0 0 - I N C H  T H I C K  PLATE (SHORT TRANSVERSE) 
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FIGURE 10. NOTCHED TO UNNOTCHED TENSILE STRENGTH RATIO 
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FIGURE 11. LOW TDlPERATURE MECHANICAL PROPERTIES OF f iUMINUM ALLOY 
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